99m Tc dimercaptosuccinic acid (DMSA) renal scans can provide accurate diagnosis of acute pyelonephritis, its sequelae (renal scars) and differential renal function (DRF). The purposes of this retrospective study were (1) to assess the relationship between DRF obtained during acute pyelonephritis and at follow-up, and (2) to elucidate the value of initial DRF in predicting subsequent renal scars. A total of 47 children were enrolled. All had both unilateral acute pyelonephritis diagnosed by initial DMSA renal scans, and followup DMSA renal scans. We found the correlation between initial and follow-up DRF poor (adjusted R 2 = 0.396). Whether or not renal scars developed determined the follow-up DRF. Vesicoureteral reflux was significantly more common in children who developed renal scars. In addition, the higher the grade of vesicoureteral reflux, the lower the follow-up DRF and the improvement in DRF. When using a DRF of 46% as the cut-off value to predict subsequent renal scars, the sensitivity and specificity were 47.8% and 83.3%, respectively. Owing to the low sensitivity, initial DRF is not suitable for predicting the occurrence of renal scars. (# 2002 Lippincott Williams & Wilkins) 
Introduction
Acute pyelonephritis (APN) in children is an important clinical problem because it may result in permanent renal damage that may lead to renal failure and hypertension later in life [1] . At present, a 99m Tc dimercaptosuccinic acid (DMSA) renal scan is the most reliable examination for determining the sites and extent of APN foci and for following their evolution [2] . The sensitivity and specificity of the DMSA renal scan for the diagnosis of APN have been reported to be 91% and 99%, respectively [3] . For detecting renal scars in children, a 99m Tc-DMSA renal scan was more sensitive (94%) than either intravenous pyelography (76%) or ultrasonography (65%) [4] . Though thin section, contrast enhanced, spiral CT may have the potential to depict renal scarring, its drawbacks include the need for intravenous contrast medium, high cost, relatively high radiation exposure, and lack of systemic investigation [2] . In addition, a 99m Tc-DMSA renal scan provides differential renal function (DRF), which demonstrates the functional changes of the affected kidneys during and after APN.
In this retrospective study, we enrolled children with unilateral APN who underwent two DMSA scans, one during acute infection and another at a follow-up at least 6 months later. The purposes of this study were (1) to assess the relationship between the initial and follow-up DRF, and (2) to elucidate the value of the initial DRF in predicting subsequent renal scars.
Methods

Patients: selection criteria and clinical parameters
We carried out a retrospective review of 557 children referred to our department between January 1997 and December 2000, for 99m Tc-DMSA renal single photon emission tomography (SPET). The inclusion criteria were (1) age between 1 week and 16 years; (2) evidence of urinary tract infection (UTI) (fever 5388C, positive urine culture 10 5 colony-forming units of bacteria of a given species per ml, leukocyturia 45 per high-power field); (3) administration of antibiotic treatment for UTI within 7 days of fever occurrence; (4) an ultrasonography of the urinary tract; (5) 99m Tc-DMSA renal SPET during acute infection showing APN in one kidney and the opposite kidney as normal; and (6) a follow-up 99m Tc-DMSA renal SPET at least 6 months after APN. The exclusion criteria were (1) a past history of UTI; (2) concurrent congenital urogenital abnormality or uropathy, except vesicoureteral reflux; (3) recurrent UTI between the initial and follow-up renal scans; and (4) a space-occupying lesion on ultrasonography.
Forty-seven children fulfilled our selection criteria and were enrolled. Of these, 23 showed renal scars on the follow-up DMSA scan and were classified as the scar group. The other 24 showed a complete resolution of all previous lesions at follow-up and were classified as the non-scar group.
Clinical and laboratory parameters of all these children were documented. Forty-three of the 47 children underwent voiding cystourethrography (VCUG). The presence of vesicoureteral reflux (VUR) was graded, based on the International Reflux Study in Children [5] . Tc-DMSA renal SPET imaging
The initial DMSA renal SPET was performed during acute infection. Because not all DMSA defects develop into scars [6] , the follow-up scintigram was performed, on average, 7 months after the first (range, 182±490 days). To detect persistent changes, a DMSA scan should be performed more than 5 months after UTI [7] . Each child was injected intravenously with 2.5 MBq×kg 71 body weight (minimal dose, 20 MBq) of 99m Tc-DMSA. Imaging was initiated approximately 2±3 h later. We used a triple headed, rotating, gamma camera (Multispect3; Siemens, Hoffman Estates, IL, USA) with high-resolution collimators. The SPET data were acquired over a circular 3608 rotation, 120 steps, and 35 s per step in a 1286128616 matrix. Reconstruction was performed by filtered back-projection using a Butterworth filter (cut-off frequency, 0.55 Nyquist; power factor, 7) with attenuation correction. The transverse, coronal and sagittal planes and three-dimensional images were generated for interpretation. We calculated DRF from summed images of the coronal plane.
The normal range of DRF for our institute was established by the results of 68 children (44 males, 24 females; mean age, 7.1 years; range, 0.5±10.9 years) considered normal on all the examinations of 99m Tc-DMSA renal SPET, renal sonography, blood urea nitrogen and serum creatinine. The mean DRF of the left kidney was 50% (1 SD = 2.29), giving a normal range of 45±55% as defined by 2 SD. This normal range is similar to that given in previous reports [8±11] .
We analysed the reproducibility of DRF measurements by enrolling 12 additional patients for a separate test procedure. Each patient underwent 99m Tc-DMSA renal SPET twice. The two examinations were performed sequentially. After the first acquisition, the patient was re-positioned and the acquisition was performed again.
Experienced nuclear medicine physicians read the DMSA renal SPET images on both film and computer screen. On acute DMSA renal SPET, focal areas of diminished cortical DMSA uptake or diffuse decreased uptake in enlarged kidneys were interpreted as APN. On the follow-up DMSA renal SPET, a renal scar was defined as a defect in the renal outline located in a previous APN focus.
Statistical analysis
Differences in gender, age, clinical and laboratory parameters, results of VCUG, initial DRF, follow-up DRF, interval between two DMSA SPET, and change of DRF (i.e. initial DRF of the APN side minus follow-up DRF of the same side) between the scar and non-scar groups were compared with the chi-squared test or the Mann±Whitney U test. We analysed the relationship between initial and follow-up DRF by using linear regression analysis. To determine the value of the initial DRF for predicting subsequent renal scars, we chose the cut-off value with maximum efficiency (i.e. maximal sum of sensitivity and specificity). To analyse the reproducibility of DRF measurements, the absolute difference between the first and second measurements was calculated. In addition, paired t tests were used to assess differences between repeated measurements. Values are expressed as mean+1 SD. A P value 50.05 was considered significant.
Results
The results of our study are shown in Table 1 . Between the scar and non-scar groups, there were no significant differences in age, gender distributions, days with fever before treatment, period of disappearance of fever after treatment, white cell count, C-reactive protein, and highest body temperature. VUR were observed in 10 children, eight in the scar group and two in the non-scar group. In the scar group with reflux, two were grade II, four grade III, one grade IV and one grade V. In the nonscar group with reflux, one was grade I and one grade II. There was a significant difference in the presence of reflux between the scar and non-scar groups (P = 0.017 by the Mann±Whitney test). The interval between the two DMSA scans and the initial DRF of the APN side were not significantly different in the two groups. In our 47 patients with unilateral APN, 14 had a higher initial DRF on the APN side than on the normal side (six in the scar group and eight in the non-scar group) but no patient's DRF was higher than 55%. At follow-up, the DRF of the affected kidney was significantly lower (P = 0.035) in the scar group (46.0%+7.1) than in the non-scar group (49.5%+2.7). Changes of DRF in the scar and non-scar groups were 71.58%+5.43 and 0.96%+2.31, respectively. The P value for test mean changes of DRF between groups was 0.076. When compared with the initial study, 13 patients in the scar group showed decreases in follow-up DRF of the affected kidney, two no change, and eight an increase. The numbers in the non-scar group were six, four and 14, respectively. We also observed that in the non-scar group the follow-up DRF values of the previously affected side were all above 45%.
Overall, though, there was positive correlation between initial and follow-up DRF, the correlation was poor (adjusted R 2 = 0.396). When analysed by group, the adjusted R 2 values were 0.348 (after deleting the outliner data) and 0.441 for scar and non-scar groups, respectively.
When an initial DRF of the APN kidney 446% was chosen as an indicator for the subsequent development of renal scarring, the sensitivity, specificity, positive predictive value and negative predictive values were 47.8%, 83.3%, 73.3% and 62.5%, respectively.
Our DRF measurements were reproducible. The difference between repeated DRF measurements was not significant (P = 0.504). The mean of absolute difference between repeated measurements of DRF was 0.67% with a range 0±1%. Inter-test variability, expressed as coefficient of variation and 1 SD, were 1.25% and 0.49%, respectively.
Discussion
Our study showed that the correlation between initial and follow-up DRF was poor, so the evolution of DRF after APN cannot be reliably derived from initial DRF. Based on our results, complete resolution of APN or development into renal scars determined follow-up DRF. If no sequelae were left, renal function would return to normal (DRF 545%). When renal scars developed, the DRF was likely to decline: DRF of the affected side declined from its initial value in 57% (13/23) of the patients in the present study.
Currently, VUR is considered an important risk factor in renal scarring after UTI, and higher grades of reflux are more dangerous than low-grade reflux [12] . Our study showed that the higher the grade of VUR, the lower the follow-up DRF and change of DRF. We considered these findings related to the development of renal scars.
A DMSA scan has been considered the most reliable tool for identifying children at risk of renal scarring because renal scars always develop at previous pyelonephritic foci [12] . An acute DMSA scan is also considered a possible predictor of the occurrence of renal scars [13] . In an animal study, Pohl et al. [14] found that the possibility of developing a renal scar correlated with the size of the APN involved area shown on an acute DMSA scan. Lavocat et al. [15] reported the prognostic value of initial DRF because they found the proportion of a favourable evolution in those with a DRF 445% to be 74%, and in those with a DRF 445% to be 35%. The result was attractive. We, however, consider using DRF to forecast outcome unsuitable because of its low sensitivity (47.8%) for predicting subsequent scars when using 46% as the cut-off value. The discrepancy might be caused by different patient sources. In our study, only patients with unilateral APN were enrolled, while in the study by Lavocat et al., patients with bilateral APN were also Evolution of differential renal function after APN Nuclear Medicine Communications (2002) 23 included. Because a DMSA scan provides only relative renal function, in patients with the same DRF, the kidneys of those with bilateral APN must be more severely involved and more likely to develop a scar than the kidneys of those with a unilateral APN. The presence of bilateral APN will interfere with the interpretation of DRF because of the various degrees of renal function impairment in the opposite kidney. An animal study in pigs with unilateral APN also showed, during acute infection, considerable overlap in DRF between subsequently normal and scarred kidneys [16] . Although absolute DMSA uptake to assess absolute global renal function is possible, we did not adopt it because of the reported substantial error in determining this absolute value despite its high accuracy in calculating DRF [17] . It is thought that the locally reduced blood flow, the tubular toxicity, and a disturbed transport system in pyelonephritic areas cause reduced uptake of DMSA [2, 18, 19] . However, 14 of our patients had a higher DRF on the APN side. On the follow-up, eight resolved completely and six developed into scars. We did not observe any abnormal hot area on the APN side. Because the normal value for DRF in our institute ranges from 45% to 55% and the highest DRF of the APN side was 53%, we felt that the higher DRF on the APN side was simply due to normal variation and seemed unrelated to outcome.
Conclusion
We found that whether a patient developed renal scars or not determined the follow-up DRF. VUR was significantly more common in children who developed renal scars. In addition, the higher the grade of VUR, the lower the follow-up DRF and the improvement in DRF. The initial DRF on the APN side is not suitable for predicting the occurrence of renal scars.
